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JWST will image the infrared universe with unprecedented clarity 


First Light (After the Big Bang) 
First luminous objects, proto-galaxies, 
supernovae, black holes 


Galaxies when the universe was ~1 billion years old 
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JWST will see how the structure and composition of 


galaxies evolve across cosmic time 


Interacting Galaxies 
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NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and 
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook Universi 
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JWST will see into the birthplaces of stars to reveal how 
they form 


Birth of Stars and Planetary Systems 
How stars form and chemical elements 
are produced 


Jets from Young Stars 
PRC95-24a » ST Sel OPO - June 6, 1995 
C, Burrows (ST Sel), J. Hester (AZ State U.), J. Morse (ST Scl), NASA 
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The Eagle Nebula as seen in the near-infrared 


Planetesimals Mature planetary system 
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JWST will observe how planetary systems form and evolve 
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First Light (After the Big Bang) 
First luminous objects, proto-galaxies, 
supernovae, black holes 
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JWST will image exoplanets (planets orbiting stars other than the Sun) 
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JWST simulated near-infrared image 
ofa1-2M,,, planet at ~1 AU ofa 
MOV star 10 pc from the Sun. 
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Composition is revealed by spectroscopy 


Water Ozone Carbon Dioxide 


MARS 


Starlight filters through the planet's 
sodium-rich atmosphere. 


absorption line spectrum 


There are tens of billions of habitable worlds in our galaxy. 


JWST can detect liquid water on an exoplanet that is a few 
times the size of the Earth. 
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JWST requires the largest cryogenic telescope ever constructed 


To achieve its science objectives, the JWST mission requires: 
¢ 7X the light gathering capability of the Hubble Space Telescope 
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¢ Hubble-like angular resolution in the near-infrared 
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JWST will provide the first high definition view of the infrared universe 


To meet these requirements, the JWST team had to solve two key problems: 
¢ Provide a primary mirror that is larger in diameter than available rocket fairings 


¢ Achieve a high stability cryogenic 40K (-233 C, -388 F) operating temperature 
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approximately 1.5 million km (1 million miles) from Earth 


An L2 point orbit was selected for JWST to enable oo 


passive cryogenic cooling 


— Station keeping thrusters are required to maintain this orbit 


— Propellant sized for 11 years (delta-v ~ 93 m/s) 


— ~100 day direct transfer trajectory 
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The JWST can observe the whole sky 
while remaining continuously in the 
shadow of its sunshield 


— Field of Regard is an annulus covering 35% 
of the sky 

— The whole sky is covered twice each year 
with small continuous viewing zones at the 
sel fy e)d(om ole) (1s 
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40 deployable structures and 178 
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Deployment Sequence Overview 
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The JWST space vehicle consists of three elements 


Integrated Science Instrument Module (ISIM) 
Extracts physics information from star light 


Spacecraft 
Attitude control, telecom, power & other systems 
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Key physical properties of Beryllium: Primary mirror mass properties 
* low coefficient of thermal expansion at 50 K * substrate: 21.8 kg 
* high thermal conductivity * segment assembly: 39.4 kg 
* high stiffness to mass ratio * OTE area density: ~28 kg m? 
¢ Type 0-30 spherical powder * HST (ULE) ~ 180 kg m* (~ 6X heavier) 


* uniform CTE, high packing density, low oxide content * Keck on ~ 2000 0 kgm m? males heavier) 
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A specially instrumented space simulation chamber at 
Marshall Space Flight Center was used to optically test the 
primary mirror segments at 50 K (-225 C, -370 F) 
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OTE pathfinder structure manual deployment test: June 2014 
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The spacecraft bus structure is nearing completion 
2 ~~ ~ SS, 4 x BON | 


E 


1 April 2016 Presentation to: American Physical Society & American Association of Physics Teachers, Beaumont, TX: Distribution unlimited 18 


-S) oF-Cox-lore- i m- ale MOM Mm) i aU lorie lc- mil mes al-(e1 @al-t-w el-1-)a mere) in] e)(-i(-r0 


<——— OTE Structure 


= 4 << Spacecraft Structure 
. v 


1 April 2016 Presentation to: American Physical Society & American Association of Physics Teachers, Beaumont, TX: Distribution unlimited 19 


Taltcxe|g-hilelameyin (aro mille |amcsi(-ssYere) eX manl|ace)ecmUliamial-mciauleliuics 
larcksm el=1]amere)anle)(s1t-10 
‘ ke , Li = c . Big 


» 


Ss 


1 April 2016 Presentation to: American Physical Society & American Association of Physics Teachers, Beaumont, TX: Distribution unlimited 


1 April 2016 


The JWST’s 5 layer sunshield has an SPF of ~10° 


Sunshield Facts 


- Measures 73 x 40 feet and has 5 layers 

em utcle(= Me) Mmal-y-1Glc-t-Ji-it-la]m€-) e)celamecel-1(-romUaiiam-ji (ea mela mein 
side and aluminum on other surfaces 

- Sun side reaches 358 K (85° C), dark side 
stays at 40 K (-233° C) 
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- Seaming involves 7,000 inches of thermal welds 

- Seam-to-seam accuracy ~ 0.05 inch with shape of (tennis 
court size) layers accurate to a few tenths of an inch 


The Two Sides of the Webb Telescope 


Hot side Cold side 
185° Fahrenheit -388° Fahrenheit 
(85° Celsius) (-233° Celsius) 
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Sunshield Manual Deployment Test: June 2014 


NORTHRop CRUro4y 


Click image for video 
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The JWST space vehicle consists of three elements 


Optical Telescope Element (OTE) 
Collects star light from distant objects 


Spacecraft 
Attitude control, telecom, power & other systems 
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The NIRCam will image the earliest epoch of galaxy formation 


NIRCam Flight Model 
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MIRI will provide humanity's first high definition view of the mid-infrared universe 


2 = MIRI flight model 
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FGS can sense pointing to 1 millionth degree precision 
NIRISS can image exoplanets that are too close to their star for coronagraphs 
— 2 


Flight FGS 
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The science instrument payload (ISIM) began construction during 2006 and 
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ISIM is tested in the Goddard Space Environment Simulator (SES) 
chamber using a cryogenic telescope simulator (OSIM) 


The 3rd of 3 100 day SES test cycles of the ISIM oi 
was completed during Feb 2016 
N. Shroud 
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Then .... the OTE + ISIM will be tested in the largest 
space simulation chamber in the world 


Apollo era facility extensively refurbished for JWST 

Largest deep cryogenic space simulation chamber in the world 
Performance certification completed during Aug 2012 
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65 ft dia x 120 ft 


JSC Chamber A during Apollo 
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= The Pathfinder is flight-like in every respect 
expect: 
— Does not include the deployable “wings” of the 
backplane 


— ls populated with two flight spare mirror 
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Space simulation testing of the pathfinder telescope structure began 
ol UT alate mite War-aehne) 


1 April 2016 Presentation to: American Physical Society & American Association of Physics Teachers, Beaumont, TX: Distribution unlimited 


33 


The telescope and instrument module will then be sent to 
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Space Telescope Transporter for Air Road and Sea (STTARS) 
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Then ... The JWST will be transported by ship through the 
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U.S. 


Roll on roll off transport ship built in the Netherlands by Merwede Shipyards 
— Length 116m 
> a Displacement about 4200 metric tons 
Garage deck length 95m (plenty of room for STTARS) 
Speed: 15 knots 
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Space Telescope Transporter for Air Road and Sea (STTARS) 
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The End (of this presentation) 
But 


with JWST, we will see the beginning of everything 


The first galaxies 
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The birth of stars 
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